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Abstract of the Disclosure! /T\ 

*- 6 1993 — GJ 

In a data transmission system where a first 
signal partially leaks as an echo from a first 
transmission line to a second transmission line through 
a hybrid circuit to form a mixed signal of the echo and 
5 a second signal on the second transmission line, an echo 
canceller is used for cancelling the echo by producing 
an echo replica at a transversal filter according to 
filter coefficients and subtracting the echo replica 
from the mixed signal, in order to reliably generate 
10 the filter coefficient for a reduced time duration, a 
series of autocorrelation coefficients of the first 
signal and a series of cross-correlation coefficients 
between the first and the mixed signals are calculated 
at calculators and the filter coefficients are 
15 determined from both of the autocorrelation and the 
cross-correlation coefficient series at a coefficient 
determining circuit. The coefficient determining 
circuit may be an arithmetic circuit for solving 
simultaneous linear equations. Another circuit for 
20 determining the filter coefficients may be a circuit 
where a first filter coefficient is determined by 
deteoting the maximum value and the corresponding delay 
time from the series of cross-correlation coef ficienta, 
making a fresh series of cross-correlation coefficients 
25 with reference to the maximum values, the delay time and 
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(Abstract of the Disclosure continued) 

the first filter coefficient, then, determining s second 
filter coefficient from the fresh series. Then, filter 
coefficlente are determined by repetition of the similar 




ECHO CANCELLER WITH MEANS FOR DETERMINING 
FILTER COEFFICIENTS FROM AUTOCORRELATION 
AND CROSS-CORRELATION COEFFICENTS 



Background of the Invention: 

1. Field of the Invention 

The present invention relates to an echo 
canceller for use in a two-way data transmission system. 
5 2. Description of the Prior Art 

In a convetional two-way data transmission 
system, a first and a second data transmission line are 
coupled to a third data transmission line through a 
hybrid circuit. A first signal is transmitted from the 
10 first transmission line to the third transmission line 
through the hybrid circuit, while a second signal is 
transmitted in an opposite direction, that is, from the 
third transmission line to the second transmission line 
through the hybrid circuit. The first signal partially 
15 leaks to the second transmission line through the hybrid 
circuit as an echo which is mixed with the second signal 
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to form a mixed signal, in order to cancel the echo 
from the mixed signal, an echo canceller has been used. 

Generally, the echo canceller comprises filter 
means such as transversal filter coupled to the first 
5 transmission line and responsive to the first signal for 
producing an echo replica or an estimated echo signal 
determined in accordance with the filter coefficients, 
and subtracting means coupled to the filter means and 
connected in the second transmission line for 
10 subtracting the estimated echo signal from the mixed 
signal on the second transmission line so that the echo 
is cancelled from the mixed signal to deliver the second 
signal through the second transmission line. The echo 
canceller also comprises coefficient generating means 
15 for generating the filter coefficients so as to 

determine the estimated echo signal. That is, the echo 
cancellation is defined by performance of the 
coefficient generating means. 

In the prior art, the learning identification 
20 such as the steepest descent method has been used for 
determining the filter means. According to the learning 
identification, the optimum filter coefficients are 
accurately determined by use of signal waveforms over a 
long time duration, but it takes a long time for 
25 obtaining the filter means. Further, the identification 
tends to be interrutpted by existence of. local peak 
and/or local minimum so that it is not insured to obtain 
the optimum filter coefficients. 
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Summary of the Invention: 

It is an object of the present invention to 
provide an echo canceller which is able to provide the 
optimum filter coefficients for a reduced or short time 
5 duration. 

The present invention is applicable to an echo 
canceller for use in a data transmission system for 
transmitting a first signal in a direction through a 
first transmission line and a second signal in an 
10 opposite direction through a second transmission line, 
the first signal partially leaking from the first 
transmission line to the second transmission line as an 
echo and mixing with the second signal to form a mixed 
signal. The echo canceller comprises filter means 
15 coupled to the first transmission line and responsive to 
the first signal for producing an estimated echo signal 
determined in accordance with filter coefficients, 
coefficient generating means for generating the filter 
coefficients, and subtracting means coupled to the 
20 filter means and connected in the second transmission 
line for subtracting the estimated echo signal from the 
mixed signal on the second transmission line so as to 
cancel the echo. According to the present invention, 
the coefficient generating means comprises » first means * 
25 coupled to the first transmission line and responsive to 
the first signal for producing a series of 
autocorrelation coefficients of the first signal, second 
means coupled to the first and the second transmission 
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lines and responsive to the first and the second signals 
for producing a series of cross-correlation coefficients 
between the first signal and the mixed signal; and third 
means coupled to the first and the second means for 
5 generating the filter coefficients from the 

autocorrelation and cross-correlation coefficients to 
deliver the filter coefficients to the filter means. 

According to another aspect of the present 
invention, the third means comprises: memory means 
10 coupled to the second means for memorizing the series of 
cross-correlation coefficients at memory locations 
therein, respectively, optimum coefficient determining 
means coupled to the first means and the memory means 
for detecting the maximum one in the series of 
15 cross-correlation coefficients memorized in the memory 
means and a specific one of the memory locations where 
the maximum cross-correlation coefficient is memorized, 
the optimum coefficient determining means determining an 
optimum delay time from the specific memory location and 
20 an optimum filter coefficient corresponding to the 
maximum cross-correlation coefficient and the optimum 
delay time, the optimum coefficient determining means 
repeating the detecting and determining operations in 
response to a control signal, and coefficient converting 
25 means coupled to the first means, memory means, and 

optimum coefficient determining means for converting the 
series of cross-correlation coefficients into a 
converted series of coefficients with reference to the 
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maximum cross-correlation coefficient, the specific 
memory location, the optimum filter coefficient, and the 
series of autocorrelation coefficients, the coefficient 
converting means delivering the converted coefficients 
5 to the memory means so as to rewrite the memory means by 
the converted series of coefficients as the series of 
cross-correlation coefficients, the converting means 
delivering the control signal when the rewriting is 
completed, 

10 Brief Description of the Drawings: 

Pig. 1 is a block diagram view illustrating a 
data transmission line with an echo canceller for 
explaining operation of the echo canceller; 

Pig. 2 is a block diagram view illustrating an 
15 echo canceller acording to an embodiment of the present 
invention; 

Pig. 3 is a block diagram view illustrating an 
echo canceller according to another embodiment of the 
present invention; 
20 Pi 9* 4 is a block diagrm view illustrating an 

autocorrelation coefficient calculator in Pig. 3, in 
detail; 

Pig. 5 is a view illustrating timing signals 
used in the autocorrelation calculator of Pig. 4; 
25 Pi 9' ^ is a block diagram view illustrating a 

cross-correlation coefficient calculator in Pig. 3, i n 
detail; 



2004379 

6 



Fig. 7 is a view illustrating timeing signals 
used in the cross-correlation calculator of Fig. 6; and 
Pig. 8 is a are block diagram view illustrating 
in detail an optimum coefficient determining circuit and 
5 a coefficient converting circuit in Pig. 3. 

Descrip tion of Preferred Embodiments; 
Prior to description of the preferred 
embodiements, description will be made as to general 
arrangement and operation of the data transmission 
10 system with an echo canceller so as to help better 
understanding of the present invention. 

Referring to Pig. l, a hybrid transformer 11 is 
used for coupling a four-wire two-way transmission line 
12 and a two-wire two-way transmssion line 13. The 
15 four-wire two-way transmission line 12 comprises a first 
. transmission line 12a and a second transmssion line 12b 
each being a two-wire one-way transmission line. A 
subscriber terminal 14 is connected to an extended end 
of the two-wire two-way transmission line 13. 
20 m operation, an incoming data signal propagates 

as a first signal r(t) through the fisrt tansmission 
line 12a and is transmitted to the two-wire two-way 
transmission line 13 towards the subscriber terminal 14 
through the hybrid transformer 11. a part of the first 
25 signal leaks to the second transmission line 12b through 
the hybrid transformer 11 as an leakage signal u(t) 
which is called "echo". On the other hand, a signal 
sent out from the subscriber terminal 14 to the two-way 
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transmissin line 13 is transmitted to the second 
transmissio line 12b through the hybrid transformer 11 
as a transmission signal. The transmission signal is 
transmitted through the second transmission line 12b as 
5 a second signal s(t). Then, the second signal is mixed 
with the echo on the second transmission line 12b to 
form a mixed signal (s(t)+u(t)). The echo u(t) should 
be cancelled from the mixed signal so as to transmit the 
second signal s(t) alone. 
10 in order to cancel the echo from the mixed 

signal, an echo canceller 15 is connected in the 
four-wire transmission line 12. The echo canceller 15 
comprises a filter 16 such as a transversal filter 
coupled to the first transmission line 12a and 
15 responsive to the first signal r(t) for producing an 
echo replica or an estimated echo signal u(t) determined 
in accordance with the filter coefficients b ± (i = o, 1, 
...). A subtracter 17 is coupled to the filter 16 and 
connected in the second transmission line 12b for 
20 subtracting the estimated echo signal u(t) from the 

mixed signal <s(t) + u(t) ) on the second transmission line 
12b so that the echo u{t) is reduced or cancelled from 
the mixed signal (s(t)+u(t)) to. deliver the second 
signal through the second transmission line 12b. The 
25 echo canceller 15 also comprises coefficient generating 
circuit 18 for generating the filter coefficients bi so 
as to determine the estimated echo signal u(t). if the 
coefficient generating circuit 18 can generate the 
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optimum filter coefficients so as to provide u(t)=u(t), 
the echo is completely cancelled. When u(t) k u(t), 
(u(t) - u(t)) still remains as a residual echo. That 
is, the echo cancellation is defined by performance of 
5 the coefficient generating circuit 18. 

Referring to Fig. 2, an echo canceller shown 
therin is one according to an embodiment of the 
invention and comprises a transversal filter 16 
connected to the first transmission line 12a, a 
10 subtracter 17 coupled to the transversal filter 16 and 
connected to a second transmission line 12b, and a 
coefficient generating circuit 18 for delivering filter 
coefficients b 0 , b^ ... b R . The transversal filter 16 
comprises n (n being an integer) T-second delay circuits 
15 20, (n+1) multipliers 21 for producing tap gains, and an 
adder 22. The delay time T is determined to a value of 
1/Z where z is a syrabole rate of the first signal r(t). 
The tap gains are determined by multiplying outputs of 
the delay circuits 20 and the filter coefficients b Q , 
20 b 1# ... b n at the multipliers 21 and can be controlled 
by the filter coefficients b ± provided by the 
coefficient generating circuit 18. The tap gains are 
added by the adder 22 to one another to produce an added 
signal as the estimated echo signal u(t). 
25 In th «> shown embodiment, the coefficient 

generating circuit 18 comprises a first, a second, and a 
third circuit 23, 24 and 25. The first circuit 23 is 
coupled to the first transmission line 12a and 
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calculates an autocorrelation coefficient R of the first 
signal r(t). The second circuit 24 is coupled to the 
first and the second transmission lines 12a and 12b and 
calculates a cross-correlation coefficient 0 between the 
5 first signal r(t) and the mixed signal (s(t)+u(t)). 

Accordingly, the first and the second circuits 23 and 24 
are an autocorrelation coefficient calculator and a 
cross-correlation coefficient calculator, respectively. 
The third circuit 25 is coupled to the 
10 autocorrelation coefficient calculator 23 and the 

cross-correlation coefficient calculator 24 and decides 
the filter coefficients b Q , b^ ... b n from a series of 
autocorrelation coefficients R and a sesies of 
cross-correlation coefficient time-serially provided 
15 from the autocorrelation coefficient calculator 23 and 
the cross-correlation coefficient calculator 24, 
respectively. Therefore, the third circuit 25 is called 
a filter coefficient decision circuit. 

Now, description will be made to operation of 
20 the first, the second, and the third circuits 23, 24, 
and 25 by use of a mathematical method. 

It is generally known in the prior art that the 
first signal r(t) and the echo u(t) of the first signal 
r(t) are linearly coupled each other. Therefore, u(t) 
25 is represented by a linear coupling of the following 
equation (1) using a coupling coefficient b ± i 

n 

u(t) - £ r(t - i).b. mi 

i«0 i u '- . 
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The cross-correlation coefficient £(j) (j=o, l, 
2, ... ) between the first signal r(t) and the mixed 
signal (s(t)+u(t)) is given by the following equation 
(2): 

m 

5 *(j> = £^ s(t - i) + U (t - i) r(t - i - j) ( 2 ). 

Since r(t) and s(t) has no correlation. Equation 

(2) can be rewritten as a form of the following equation 

(3) providing that ra is sufficiently large: 

* (3) i 5 0 U(t " A) ' r(t " 1 " 3) (3). 

10 when u <* " i) in Equation (3) is rewritten in 

the manner of Equation <i), Equation (3) is rewritten as 
follows I 

' S5 i? 0 {Jo r(t " i - k,,b k} r(t - i -i) 
= So\Vo I{t ' 1 " k,#r(t - 1 " 3) 

" " JbV»U.-M (4). 

R(j - k) in Equation (4) is known as the 
autocorrelation of r(t) at a time delay of (j-k) and is 
calculated at the autocorrelation calculator 23. 

Equation (4) is also rewritten by use of matrix 
20 representation for j-o, 1, ... „ „ glven by the 
following equation (5)« 
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R(O) R(-l) R(-2) R( _ n) 

R(D R(O) R(-l) ..... R (i- n) 
R(2) R(l) R( 0 ) R(2-n) 





b O 


*(o) 






b l 








• 


■ i>(2) 

• 


(5) 




• 


• 





L.R(n) R(n-l) R(n-2) .... r( 0 ) 

Since RU)=R(-£), Equation (5) is also rewritten 
as follows : 



R(0) R(l) 
R(l) R(0) 
R(2) R(l) 



R(2) R(n) 

R(D R(n-: 

R(0) R(n-: 





b o 




r. "i 

£(0) 


> 


b l 








b 2 

• 




£(2) 
• 
• 


. 1 


• 







(6) 



for b Q through b n . Values or solutions of t> 0 through b n 
can be obtained by solving the simultaneous linear 
equations (6) and are the filter coefficients to be 
delivered to the transversal filter 16. 

When (n+1) is not greater than 10 (<n+l)<lo), 
the simultaneous linear equations can directly be solved 
by a mathematical calculation. 

The series of autocorrelation coefficients R(0) 
through R(n) and the series of cross-correlation 
coefficients 0(0) through tf(n) are provided to the third 
circuit 25 from the autocorrelation coefficient 
calculator 23 and cross-correlation coefficient 
calculator 24, respectively. Therefore, the third 
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circuit 25 in the embodiment of Pig. 2 is an arithmetic 
circuit for directly solving the simultaneous linear 
equations . 

In Fig. 2, the third circuit or the arithmetic 
5 circuit 25 solves the simultaneous linear equations by 
use of the series of autocorrelation coefficients R(0) 
through R(n) and the series of cross-correlation 
coefficients £(0) through 0<n) which are provided to the 
third circuit 25 from the autocorrelation coefficient 

10 calculator 23 and cross-correlation coefficient 

calculator 24, and delivers the values of b Q through b 
to the transversal filter 16 as the filter coefficients. 

Thus, the transversal filter 16 produces the 
estimated echo signal H (t) according to the filter 

15 coefficients given. The estimated echo signal u(t) is 
applied to the subtracter 17 which, in turn, subtracts 
the estimated echo signal u(t) from the mixed signal 
(s(t)+u(t)) to produce a signal <s(t)+u(t)-u(t) ) . when 
u(t)=u(t), the echo signal is completely cancelled. 
20 when < n+1 > is greater than 10 ((n+l)>lo), it is 

impossible to directly solve the simultaneous linear 
equations (6). However, it is possible to determine 
values of b 0 through b ft one after another in a manner as 
described below. 

25 Providing that one of filter coefficients is b 

h 

at a time delay h, an optimum value of S h is determined 
so that a power P of a residual echo (u(t)-b h r(t-h-i) ) 
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is minimum. The power p is represented by the following 
equation (7)s 



p 55 i? 0 f u(t " i} " V (t " h " L) } 2 
— p - D 0 *{»(t - i) - V" - » - D} 

n r (8) 

{-r(t - h - i)} 

m 

i?o U(t " i)#r(t " h " i] *< h > 

5 - b h = " — = - (9). 

fiUlt - h ~ i)} 2 R(O) 

It is noted that the optimum value of b w is 

h 

proportional to 0(h) which is a cross-correlation 
coefficient at the delay time h. Therefore, the optimum 
time delay h Q for minimizing the power P of Equation (7) 

10 is given by a value of h which gives the maximum value 
of |0(h) |. when the value of h Q is determined, the 
optimum value b hQ of b\ is determined. As a result, the 
residual echo at h Q is given by (u(t)-b h0 (t-h 0 i) ) . 

Now, considering a cross-correlation coefficient 

15 0 x (j) between r(t) and <s(t)+u(t)-b ho r(t-h 0 -i) ), it is 
represented by the following equation (10) j 

" ilo^ 8(t " 4) + u<t " 11 ' ^M*** " \ " *>} 
r(t - i - j) 

- tjV-'Kog'i* ~ h 0 " j " D 

• Mi) - b h0 R(j - h 0 ) (10) 



(7) 



20 
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An optimum value h A of a time delay for 
minimizing (u ( t ) -b hQ ( t-h Q -i ) ) is determined by j at 
which l^tj)! is maximum, and a filter coefficient b hl 
at the time delay h ± is then determined. The 
5 coefficient b hl is represented by replacement of & h and 
0(h) in Equation (9) by b hl and <f> 1 (h x ) . 

In repetition of the similar manner, filter 
coefficients b h2 , . . .b^ are obtained one after another. 

Referring to Pig. 3, the echo canceller shown 

10 therein is another embodiment wherein the values of b 

a h0 
through b hn are obtained by the above- described indirect 

method. 

The echo canceller of Pig. 3 is similar to that 
of Fig. 2 and the similar portions are designated by the 

15 same reference numerals in Pig. 2. According to the 
present embodiment, the filter coefficient decision 
circuit 25 comprises a memory circuit 26 for memorizing 
a series of cross-correlation coefficients ^(0) through 
£(n) which are calculated at the cross-correlation 

20 coefficient calculator 24 and an optimum coefficient 
determining circuit 27. The optimum coefficient 
determining circuit 27 detects a maximum value 0(h Q ) in 
the series of tf(0.) through *(n) and an optimum delay 
time h Q from a memory location where the maximum value 

25 0(h Q ) is memorized. Further, the optimum coefficient 
determining circuit 27 calculates the filter coefficient 

A 

b h0 in Ration (9) by use of an autocorrelation 
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coefficient R(0) provided from the autocorrelation 
coefficient calculator 23, 

A coefficient converting circuit 28 is coupled 
to the autocorrelation coefficient calculator 23, the 
. 5 memory circuit 26, and the optimum coefficient 
determining circuit 27 and converts the 
cross-correlation coefficients 0(0) through 0(n) into 
^(0) through ^(n) by use of the optimum filter 
coefficient b hQ and the autocorrelation coefficients 
10 R(0) through R(n). The converted cross-correlation 
coefficients ^(0) through ^(n) are supplied to the 
memory circuit 26, 

After completion of rewriting of the memory 
circuit 26 into the converted cross-correlation 
15 coefficients ^(0) through ^(n), the optimum 

coefficient determining circuit 27 again operates to 
determine h x and & hl in the similar manner as described 
above. Then, the coeeficient converting circuit 28 
again operates to convert ^(0) through ^(n) into <f> 2 (0) 
20 through <f> 2 (n) which are stored to the memory circuit 26. 
The similar manner is repeated and the filter 
coefficients b h0 through & hn are obtained and delivered 
to the transversal filter 16. 

Now, descrition will be made as to detail of 
2 5 various portions of the coefficient generating circuit 
18 in Pig. 3 with reference to Pigs. 4-8. 

Referring to Pig. 4, the autocorrelation 
coefficient calculator 23 shown therein comprises a 
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register 31, a time function window circuit 32, a window 
coefficient memory 33, a data block memory 34, a set of 
delay elements 35-0 through 35-m cascaded, another set 
of delay elements 36-0 through 36-m, a set of 
5 multipliers 37-0 through 37-m, an adder 38, a memory 39 
for memorizing autocorrelation coefficient (which will 
be called autocorrelation memory), a timing generator 
4 0, and two switches 41A and 41B. 

In operation, the first signal r(t) is applied 
10 to the register 31. The register 31 tempolarly holds 
the first signal as sampled data which comprises (m+1) 
time-serially sampled signals of the first signal and 
delivers the sampled data at every frames as a block of 
data. The block of data is applied to the data block 
15 memory 34 throguh the time function window circuit 32. 

The time function window circuit 32 and the 
wnidow coefficient memory 33 are actually used for 
avoiding effect from discontinuity of frame waveforms so 
as to obtain accurate autocorrelation coefficients. 
2 0 However, they are unnecessary for description of 

principal operation for obtaining the autocorrelation 
coefficients. The time function window circuit 32 and 
the wnidow coefficient memory 33 are well known in the 
art. 

25 At a tlme of (t-h), the data block memory 34 

stores the block of data which is represented by 
r(t-h-i) (i«-m, -(ra-1), -l, 0 ) from the register 31 

and stores the block of data and delivers (m+1) sampled 
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signals one after another in order of i and in 
synchronism with timing signal 40a produced by the 
timing generator 40. 

The timing generator 4 0 generates a first timing 
5 signal 40a, a second timing signal 40b, a third timing 
signal 40c and a frame signal. The first through third 
timing signals 4 0a-40c are shown in Pig. 5. 

Switches 41A and 41B are connected as shown in 
the figure and are controlled by the third timing signal 
10 40c. 

In the shown condition of the switches 41A and 
41B, the first timing signal 40a are supplied with all 
of the delay elements 35-0 through 35-n and 36-0 through 
36-n as clock signals. 

15 The data r(t-h-i) delivered from the data block 

memory 34 are stored in the delay elements 35-0 through 
35-n and 36-0 through 36-n in synchronism with the first 
timing signals 40a, so that r(t-h) is stored in both of 
delay elements 35-0 and 36-0 which are paired, r(t-h-l) 

20 being in delay elements 35^1 and 36-1 which are paired, 
and r(t-h-m) being in delay elements 35-m and 36-m which 
are paired. 

The multipliers 37-0 through 37-m are supplied 
with outputs from pairs of the delay elements (35-0, 
25 36-0)through (35-m, 36-m), respectively, and produce 
products by multiplication. The products are supplied 
to the adder 39 to form a sum of the products* The sum 
is represented by the following equation (11): 
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R(0) = ilo r(t " h ~ 1)2 (ID. 

The sum is supplied as the autocorrelation 
coefficient to and stored in the autocorrealtion memory 
39 in synchronism with the first pulse from the second 
5 timing signal 4 0b which comprises (n+1) pulses. 

The switches 41A and 4 IB are switched by the 
third timing signals 40c in each frame so that the 
second timing signal 40b is applied to the delay 
elements 36-0 through 36-m in place of the first timing 
10 signal 40a as the clock signal, with "0" being applied 
to the delay elements 36-0 through 36-m in place of the 
delivered data r(t-h-i) from the data block memory 34. 

The contents in the delay elements 36-0 through 
3 6-m are shifted from one to another in synchronism with 
15 the second timing signal 40b so that r(t-h-O), r(t-h-l), 
r(t-h-(m-l)) are shifted to the delay elements 
3 6-1, 36-2,..., 36-m, respectively, upon the first pulse 
of the second timing signal 40b. At that time, "0" is 
stored in the delay element 36-0. Then, the output of 
20 the adder 38 is represented by R(l) of the following 
equation (12): 

R(l) » r(t - h - 0) * 0 + r(t -. h - 1) * r(t - h - 0) 
+ ... + r(t - h - m) * r(t - h - m) 
m-1 

" i? 0 r(t " h ' m) * r <* " h - m - 1) (12) . 
25 R(l) is stored in the autocorrelation memory 39 in 
synchronism with the second pulse of the second timing 
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signal 40b. 

By repetition of the similar operation, R(2), 
R( 3 ),..., R(n) are stored to the autocorrelation memory 
39 in synchronism with successive pulses of the second 
5 timing signal 4 0b. 

The autocorrelation coefficients R(0) through 
R(n) are delivered to the filter coefficient decision 
circuit 25 as an output of the autocorrelation 
coefficient calculator 23 from the autocorrealtion 

10 memory 39 at each frame. 

Referring to Pig. 6. the cross-correlation 
coefficient claculator 24 shown therein is similar to 
the autocorrelation coefficient calculator 23. That is, 
the cross-correlation coefficient claculator 24 

15 comprises a first register 51, a first data block memory 
52, a set of delay elements 5 4-0 through 54-m, another 
set of delay elements 64-0 through 64-m, a plurality of 
multipliers 55-0 through 55-ra coupled to the sets of 
delay elements, an adder 56, a memory 57, a timing 

2 0 generator 58, and a switch 59, all of which are 

corresponding to the register 31, the the data block 
memory 34, a set of delay elements 36-0 through 36-m, 
another set of delay elements 35-0 through 35-m, a 
plurality of multipliers 37-1 through 37-ro coupled to 

25 the sets of delay elements, the adder 38, the memory 39, 
the timing generator 40, and the switch 41A in the 
circuit 23 of Pig. 4, respectively. 
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The circuit 24 of Pig. 6 is a calculator for 
obtaining the cross -cor relation coefficients between the 
first signal r(t) and the mixed signal <s(t)+u(t)). 
Therefore, the block of data of the first signal r(t) is 
5 supplied to the set of delay elements 54-0 through 54-m 
from the first data block memory 52 in the similar 
manner in Fig. 4 but through a first shift register 53. 
The circuit 24 further comprises a second register 61 
and a second data block memory 62 for preparing a block 

10 of data or sampled signals of the mixed signals in the 
similar manner as the block of data of first signal 
r(t). The block of data are supplied to the set of 
delay elements 64-0 through 64-m through a second shift 
register 63. The circuit 24 does not have a switch 

15 corresponding to the switch 41B in Pig. 4. Therefore, 
the block of data of first signal and the block of data 
of the mixed signal are supplied to the sets of delay 
elements 54-0 through 54-m and 64-0 through 64-m, 
respectively, without changing to application of other 

2 0 signals thereto. 

The timing generator 58 generates a first, a 
second, and a third timing signals 58a, 58b and 58c and 
a frame signal as shown in Pig. 7. It will be noted 
from comparison with Pigs. 5 and 7 that those signals 

25 58a-58c are similar to those 40a-40c generated by the 
timing generator 40. 

Thus, the circuit 24 operates in the similar 
manner of the circuit 23 of Pig. 4, and 
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cross-correlation coefficients 0(0), 0(1),. . ., 0( n ) 
between the first signal and the mixed signal are 
produced from the adder 56 one after another in 
synchronism with the second timing signal 58b and are 
5 stored in the memory 57. Therefore, the memory 57 is 
called a cross-correlation memory. 

The cross-correlation coefficients 0(0) and 0(1) 
are represented by the following equations (13) and 
(14): 

i)}r(t - i) (13) 

i)}r(t - i - 1) (14). 

The autocorrelation coefficient calculator of 
Pig. 4 and the cross-correlation coefficient calculator 
of Pig. 6 are also used for the circuits 23 and 24 in 

15 Fig. 2, respectively. 

Referring to Pig. 8, the coefficient converting 
circuit 28 comprises an address generator 71, a random 
access memory (RAM) 72, a microprocessor 73, and a 
controller 73 for controlling the address generator 71, 

20 the RAM 72 and the microprocessor 26. 

The optimum coefficient determining circuit 27 
comprises a first address generator 81, a first RAM 82, 
a first and a second absolute value calculator 83 and 
84, a comparator 85, a first and a second ratching 

25 circuit 86 and 87, a divider 88, an adder 89, a second 
RAM 90, a second address generator 91, a. timing 



10 



m f 

0(0) = T) js(t - i) + u(t - 
i=0 l 



m 



^<1> 13 D fs(t - i) + u(t - 
i=0 L 
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generator 92, a third ratching circuit 93, a set of 
delay elements 94-n through 94-0, a set of ratching 
elements 95-n through 95-0, two switches 96 and 97, and 
a controller 98 . 

5 m the coefficient converting circuit 28, the 

address generator 71 is set to have an initial address 
of »2n+l«. At first, autocorrelation coefficients are 
read in a order of R(n), R(n-l), and R(0) from the 

autocorrelation memory (39 in Fig. 4) in the 

10 autocorreltion coefficient calculator 23 to the 

processor 73 and are stored in RAM 72 according to the 
addresses w 2n+l" through w n+l" from the address 
generator 71. That is, the address generator 71 
generates an address number decremented according to one 

15 writing operation to RAM 72 by the processor 73. 

Thereafter, the address of the address generator 71 is 
M n". 

The first address generator 81 in optimum 
coefficient determining circuit 27 is preliminarily set 

20 to be "n" as an initial address. 

A series of cross-correlation coefficients are 
read out from the memory circuit 26 (Pig. 3) in the 
order of 0(n), 0(n-l>, and ^(0) and are stored in 

"n" to "0" addresses of the RAM 72 and also "n" to -0" 

25 addresses of the first RAM 82 according to the addresses 
delivered from the address generators 71 and 81, 
respectively. Then, the first address generator 81 is 
again set to be "n". 
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Thereafter, the cross-correlation coefficients 
are read from the first RAM 82 according to the 
addresses from the first address generator 81 under 
control of the controller 98. At first, 0(n) is read 
5 out and is supplied to the first absolute value 

calculator 83 and the first ratching circuit 86. the 
first absolute value calculator 83 calculates |tf (n) | 
which is then supplied to the comparator 85. 

The comparator 85 compares |#(n) | with "-a" ("a" 

0 is an integer) which is supplied to the comparator 85 
through the switch 96. Since -a<|0(n)|, the comparator 
86 produces a pulse which is applied to the first and 
the second ratching circuits 86 and 87. As a result, 
the first and the second ratching circuits 86 and 87 

> holds 0(n) and "n" from the first RAM 82 and the first 
address generator 81, respectively. 

Then, the controller 98 cahnges the switch 96 to 
connect the second absolute value calculator 84 to the 
comparator 85. Thus, the address generator 81 provides 

> an address «n-l». As a result, *<n-l) is read from the 
first RAM 82 and |0(n-l)| is calculated at the first 
absolute calculator 83 and is applied to the comparator 
85. on the other hand, £(n) ratched in the first 
ratching circuit 86 is supplied to the second absolute 

1 value calculator 84 and a calculated absolute value 
l*(n)| is also supplied to the comparator 85 through the 
switch 96. The comparator 85 compares |^(n-l)| and 
l*(n)] and produces a pulse to the first and the second 
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ratching circuits 86 and 87 only when |^(n-l)|> |^(n)|. 
As a result, the first ratching circuit 86 ratches 
max{|£(n)|, |^(n-l)|} and the second ratching circuit 87 
ratches a corresponding one of "n" or "n-l". 
5 Then, #(n-2), 0(0) are read from the first 

RAM 82 according to addresses from the first address 
generator 81 and are processed by the first and the 
second absolute value calculators 83 and 84, the first 
ratching circuit 86, the comparator 85 and the switch 9 6 

10 in the similar manner. As a result, the first ratching 
circuit 86 ratches max{|£(n)|, |*(n-l)|, |*(0)|} 
and the second ratching circuit 87 ratches the 
coresponding one of the addresses V, "n-l M , "0". 
Now, providing the following equation (15) : 

15 l*(h Q )| = max{|tf>(n)|, |*<n-l)|, |*(0)|} (15), 

outputs of the first and the second ratching circuits 86 
and 87 are 0(h Q ) and h Q , respectively, and supplied to 
, the divider 88 and the second RAM 90, respectively, also 
to processor 73 in the coefficient converting circuit 

20 28. 

The divider 88 receives R(0) from the 
autocorrelation coefficient calculator 23 and 0(h Q ) from 
the first ratching circuit 86 and produces ^(h Q )/R(0) as 
b h0 accor <*ing to Equation (9). £ hQ is supplied to the 
25 adder 89 and the processor 73 in the coefficient 
converting circuit 28. 

The second RAM 90 has (n+lj memory locations 
having addresses of "0" to "n". "0" is preliminarily 
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memorized in all of the memory locations. When h Q is 
applied to the second RAM 90 through switch 90 from the 
second ratching circuit 87, "0" is read out from a 
memory location of the address h Q in the second RAM 90 
5 and is applied to the third ratching circuit- 93. The 
ratching circuit 93 ratches "0" and applies "0" to the 
adder 89. 

The adder 89 produces a sum of two inputs, that 

A /V 

is f b hQ and -0- and the sum (b hQ ) is memorized at the 

10 memory location h Q of the second RAM 90. 

In the coefficient converting circuit 28, the 
controller 74 controls the address generator 71 to 
generate an address h Q , when h Q is applied to the 
processor 73 from the second ratching circuit 87 in the 

15 optimum coefficient determining circuit 27. Then, 

reading operation of RAM 72 is performed so that one of 
the cross-correlation coefficients £(j) is read out from 
an address of h Q in the RAM 72 to the processor 73 as 

20 Then, the controller 74 again controls the 

address generator 71 to generates the address "n+l M . 
Accordingly, one of the autocorrelation coefficients 
R(0) is read out from the address of w n+l" in the RAM 72 
to the processor 73. The processor 73 processes 

25 calculation of the following equation (16): 

*<h 0 > - *<h 0 ) - b hQ * R(0) (i 6 ) 
and writes a. processed result into the address of h Q in 
the processor 72. 
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Thereafter, the controller 74 controls the 
address generator 71 so that data of 0(h Q +l), 0(h Q -l), 
and R(l) are read out from addresses of "h 0 +l H , "hg-l", 
and n l M in the RAM 72. Then, the processor 73 processes 
5 calculation of the following equation (17): 
*(h 0 + 1) » *(h Q + 1) - b h0 * R(l) 
*<h 0 - 1) = #(h 0 - 1) - S hQ * R(i) U7) 
Two results are written to addresses M h 0 +l"and M h 0 -1" in 
10 the RAM 72. Thus, it will be noted that contents in the 
addresses of "O" to "n" in the RAM 72 are rewritten by 
the results of Equations (10) as a converted series of 
cross-correlation coefficients in the RAM 72. The 
converted series of cross-correlation coefficients are 
15 read out from the RAM 72 and are written in the first 
RAM 82. 

The above-described operation is repeated so 
that detection of the maximum value is performed by a 
desired number of times. As a result, data in the 
20 addresses of "0" to "n" of the second RAM 90 are b Q , b^ 

Thereafter, the controller 98 in the optimum 
coefficient determining circuit 27 controls the switch 
97 to connect the second address generator 91 to the 
25 second RAM 90. The second address generator 91 

generates address data "0", - n " in response to a 

timing signal from the timing generator 92. Thus, the 
data b Q , b^, b ft are read put- from the second RAM 90 

one after another and supplied to the delay elements 
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94-n through 94-0, respectively, by shifting operation 
of the delay elements 94-n through 94-0, in response to 
the timing signal from the timing generator 92. The 
data b Q , b 1# b n are supplied to from the delay 

5 elements 94-0 through 94-n to the ratching circuits 95-0 
through 95-n, respectively, and are ratched thereat. 
The data b Q , b^ b R are supplied from the ratching 

circuits 95-0 through 95-n to the transversal filter 16 
as the filter coefficients. 
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WHAT IS CLAIMED IS: 

1. In an echo canceller for use in a data 
transmission system for transmitting a first signal in a 
direction through a first transmission line and a second 
signal in an opposite direction through a second 
5 transmission line, said first signal partially leaking 
from said first transmission line to said second 
transmission line as an echo and mixing with said second 
signal to form a mixed signal, said echo canceller 
comprising filter means coupled to said first 
10 transmission line and responsive to said first signal 
for producing an estimated echo signal determined in 
accordance with filter coefficients, coefficient 
generating means for generating said filter 
coefficients, and subtracting means coupled to said 
15 filter means and connected in said second transmission 
line for subtracting said estimated echo signal from 
said mixed signal on said second transmission line so as 
to cancel said echo, the improvement wherein said 
coefficient generating means comprises: 
20 first means coupled to said first transmission 

line and responsive to said first signal for producing a 
series of autocorrelation coefficients of] said first 
signal; 

second means coupled to said first and said 
25 second transmission lines and responsive to said first 
and said mixed signals for producing a series of 
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(Claim 1 continued) 

cross-correlation coefficients between said first signal 
and said mixed signal; and 

third means coupled to said first and said 
30 second means for generating said filter coefficients 
from said autocorrelation and cross-correlation 
coefficients to deliver said filter coefficients to said 
filter means. ' 

2. An echo canceller as claimed in Claim 1, 
wherein said filter means is a transversal filter. 

3. An echo canceller as claimed in Claim 1, 
wherein said third means is an arithmetic circuit for 
solving simultaneous linear equations of a plurality of 
linear constants, said series of autocorrelation and 

5 said series of cross-correlation coefficients to produce 
solutions of said linear constants as said filter 
coefficients. 

4. An echo canceller as claimed in Claim 1, 
wherein said third means comprises; 

memory means coupled, to said second means for 
memorizing said series of cross-correlation coefficients 
5 at memory locations therein, respectively; 

optimum coefficient determining means coupled to 
said first means and said memory means for detecting the 
maximum one in said series of cross-correlation 
coefficients memorized in said memory means and a 
LO specific one of said memory locations where said maximum 
cross-correlation coefficient is memorized, said optimum 
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(Claim 4 continued) 

coefficient determining means determining an optimum 
delay time from said specific memory location and an 
optimum filter coefficient corresponding to said maximum 

15 cross-correlation coefficient and said optimum delay 
time, said optimum coefficient determining means 
repeating the detecting and determining operations in 
response to a control signal; and 

coefficient converting means coupled to said 

20 first means, memory means, and optimum coefficient 
determining means for converting said series of 
cross-correlation coefficients into a converted series 
of coefficients with reference to said maximum 
cross-correlation coefficients, said specific memory 

25 location, said optimum filter coefficient, and said 

series of autocorrelation coefficients, said coefficient 
converting means delivering said converted coefficients 
to said memory means so as to rewrite the memory means 
by said converted series of coefficients as said series 

30 of cross-correlation coefficients, said converting means 
delivering said control signal when the rewriting is 
completed. 

Smart 

Otta%va, Canada 
Patent Agents 
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